Siberian Lidar Station created at V.E. Zuev Institute of Atmospheric Optics SB RAS and operating in Tomsk (56.5° N, 85.0° E) is a unique atmospheric observatory. It combines up-to-date instruments for remote laser and passive sounding for the study of aerosol and cloud fields, air temperature and humidity, and ozone and gaseous components of the ozone cycles. In addition to controlling a wide range of atmospheric parameters, the observatory allows simultaneous monitoring of the atmosphere throughout the valuable altitude range 0-75 km. In this paper, the instruments and results received at the Station are described.
INTRODUCTION
The first work devoted to the laser sounding of stratospheric aerosols was published in 1964, shortly after the creation of first lasers in early 1960s [1] . So quick application of lasers to the sounding of the atmosphere was possible significantly due to availability of instruments and techniques developed for the sounding in the radio wavelength region. The further development of the laser instrumentation promoted the development of laser sounding techniques and creation of new lidars with different parameters (radiation wavelength ranges and frequencies and increased laser powers). Long-term routine measurements by lidar complexes are very effective. The analysis of the measurement data allows the development of empirical models of atmospheric parameters; determination of their seasonal, quasi-two-year, and other periodic cycles of variations; the study of causes that determine the dynamics and correlations between the parameters measured; detection of short-term atmospheric disturbances of slow variations under the action of natural and anthropogenic factors, and, finally, detection and forecast of trends in atmospheric variations with estimation of their effects on possible climate changes. The study of atmospheric variations on the basis of routine complex remote optical monitoring is one of the promising directions in the modern practice of atmospheric research. Siberian Lidar Station (SLS) is a unique atmospheric observatory created at V.E. Zuev Institute of Atmospheric Optics SB RAS. It operates in Tomsk (56.5° N, 85.0° E) and combines up-to-date instruments for remote laser and passive sounding of aerosol and cloud fields, air temperature and humidity, and ozone and gaseous components of the ozone cycles. In addition to controlling a wide range of atmospheric parameters, the observatory allows simultaneous monitoring of the atmosphere throughout the valuable altitude range 0-75 km. In 1995, SLS was officially included into the List of Unique Research and Experimental Systems of National Significance of RF, reg. no. 01-64 [2] . A possibility of simultaneous complex measurements of key climate forcing and ecological parameters of the atmosphere is a feature of measurements at SLS; it is provided by the use of different laser sounding techniques in combination with spectrophotometric measurements. This paper describes the monitoring of such atmospheric parameters as aerosols, temperature, clouds, ozone, gaseous components of ozone cycles at SLS.
GENERAL SCHEMATIC OF THE SLS MEASURING COMPLEX
Experiments on the sounding of different atmospheric parameters (aerosols, temperature, ozone, humidity) have been carried out at the High-Altitude Sensing Station since 1991 using lidar channels with receiving mirrors of 2.2, 0.5, and For a long time (from 1986), SLS was the only station of routing lidar monitoring of the stratosphere not only on a great territory of Siberia, but in the whole Russia. Only in 2005, measuring lidar complexes were elaborated and then started operating in the Asian Russia, in Vladivostok and Surgut, within the network of lidar stations of CIS countries for the study of atmospheric ozone and aerosol (CIS-LiNet network) [3] . The main SLS components are mounted in a specially equipped four-storey building with shaft and hatch (Fig. 2) . Laser sources are located at vibration-resistant benches around the shaft at the ground level. The key component of SLS is a receiving mirror with a diameter of 2.2 m and a focal length of 10 m; it is located at the same level inside the shaft on a vibro-isolated foundation. The focal plane of this mirror is formed at the level of the 3rd floor. The multichannel operation mode of the lidar with the receiving mirror of 2.2 m in diameter is possible due to the weak inclination (30') of some sounding laser beams relative to the vertical. In this case, the focus position in the focal plane of the receiving telescope for the inclined beams shifts from the central axis to 87 mm. To detect lidar signals, a special washer is mounted in the focal plane of the receiving mirror; in addition to the central hole, the washer has eight holes equispaced along a circle of 87 mm in radius. Thus, there is a possibility of simultaneous reception of up to nine optical signals. Additional receiving mirrors with smaller apertures and diameters of 0.3 and 0.5 m are mounted on the 3rd floor. They provide for the optimal lidar signal detection mode in different sounding altitude ranges due to different base distances between the axes of the receiving and transmitting antennas of the lidar channels. Lidar signals are detected in the photocurrent pulse counting mode. The sounding is carried out in the darkness hours. 
SLS STATIONARY MULTICHANNEL LIDAR COMPLEX
The stationary multichannel lidar complex of SLS has been developed on the basis of laser sources of different types generating in the 266-1064 nm spectral region and receiving telescopes on the basis of 2.2, 0.5, and 0.3 m diameter mirrors. Different sounding techniques allow the complex to receive information about the vertical distribution of some radiation significant atmospheric parameters, i.e., stratospheric ozone and aerosols, air temperature in the region from the tropopause to ∼ 80 km, probably optical and geometrical parameters of high-level clouds, and humidity. The use of passive spectrophotometric sounding techniques allows measurements of the total ozone and total NO 2 and its vertical distribution (one of the key components of the catalytic ozone depletion cycle). Today, the SLS lidar measurement complex includes two independent lidar systems ( Fig. 3) : a system for measuring parameters of the stratospheric aerosol layer and the middle atmosphere temperature (a) and a lidar for sounding the vertical distribution of the ozone concentration over the stratosphere (the lidar also allows measurements of the humidity in the troposphere if changing the receiving optics) (b). The humidity channel was also tested with the receiving telescope of 2.2 m in diameter. Table 1 includes the main specifications of the laser sources and receiving optics of the complex.
to spectral selection cell with PMT to recording system Figure 4 shows the schematic structure of three-wavelength (355, 532, and 683 nm) lidar sounding. Laser radiation at 355 and 532 nm wavelengths is directed to a SRS cell, made from a stainless steel pipe of 3 cm in the inner diameter and a length of 1 m. The energy density required for SRS conversion is provided by a lens, which is fixed before the cell and focuses the pumping radiation to its center. A collimating lens is confocal mounted after the cell. The focal lengths of the lenses are 80 cm. Radiation at the three wavelengths in one sounding beam is directed to the atmosphere by means of a deflecting mirror. The mirror is mounted at an automated alignment unit based on computer-controllable step motors. Optical lidar signals are recorded by a receiving Newton telescope based on a 0.3-m diameter mirror. A special selection cell is attached to the casing of the receiving telescope; it emits optical signals at certain wavelengths. To record lidar signals, Hamamatsu PMTs are used: R7206-01 at wavelengths of 532 and 683 nm and R7207-01 at a wavelength of 355 nm. The recording is performed in the photocurrent pulse counting mode. The sounding radiation at the three wavelengths is implemented at one beam. The special selection cell with the corresponding spectral line dividers allows selection and simultaneous recording of signals at three wavelengths: 355, 532, and 683 nm or 355, 532, and 607 nm, where 607 nm is the wavelength of Raman scattering from atmospheric molecular nitrogen when pumping by radiation at 532 nm. Figure 5a shows that the system developed provides for lidar signal recording from up to the upper boundary of the stratospheric aerosol layer, ~30 km. The single-frequency sounding data allow retrieval of optical parameters of the stratospheric aerosol layer (SAL) in a certain altitude range H, i.e., the vertical profile of the aerosol backscattering coefficient and the scattering ratio R(H), which is the ratio of the sum of aerosol backscattering and molecular scattering coefficients to the latter. Figure 5b shows the profiles of the scattering ratio R(H), which exemplify the three-frequency stratospheric aerosol sounding results under the presence of traces of volcanogenic aerosols emitted during the explosions of Okmok and Kasatochi volcanoes (July-August of 2008, the Aleutians). A general increase in the aerosol content is observed (background values of R(H) of ~1.15 in the lower stratosphere at a wavelength of 532 nm) and a pronounced aerosol layer at an altitude near 16 km. The technique for retrieving the vertical temperature profiles in the atmosphere from the lidar signals of elastic molecular (Rayleigh) scattering of light is based on a univocal correlation between the molecular backscattering coefficients and the air density. The air pressure, density, and temperature are connected by the ideal gas law. Figure 6 shows the altitude profiles of the temperature retrieved from sounding data in comparison with model values [4] ; the circles show data from the aerological sounding station in Kolpashevo, located 240 km to the north of Tomsk. The results are evidently qualitatively agree. 
MULTIFREQUENCY LIDAR COMPLEX FOR SOUNDING STRATOSPHERIC AEROSOLS AND TEMPERATURE UP TO MESOSPHERIC ALTITUDES

MULTIWAVELENGTH POLARIZATION LIDAR LOZA-S
The stationary LOZA-S lidar has been designed and created at the Institute of Atmospheric Optics SB RAS. It ensures simultaneous recording of lidar signals of elastic and Raman scattering when irradiating a medium at wavelengths of 1064, 532, and 355 nm. The lidar (Fig. 7) is based on a LOTIS-2135 Nd:YAG laser and a receiving Cassegrain mirror telescope with a diameter of 300 mm. Lidar specifications are given in Table 2 . The sounding beam diameter is 50 mm, the divergence is 0.5 mrad. The field of view of the receiver is 1 mrad. In addition to elastic scattering echo signals, the lidar records the Raman scattering (RS) signals by molecular nitrogen (387 and 607 nm) and then by water vapor (407 nm). The distance between the main mirror and the laser (lidar base) is 0.6 m. At the chosen base and field of view of the lidar, its working zone starts from 700 m, which allows elimination of the near-zone signal, which is beyond the dynamic range of the photodetectors. In addition to the main receiving mirror, the second receiving telescope is mounted near the laser (20 cm base) with the lens of 20 mm in diameter, to receive the near-zone signals (70-1500 m).
The optical circuit schematic of the lidar is shown in Fig. 8 . The wavelength division system for the signals received is based on the serial beam splitting with dichroic plates (DP). The attenuation of exciting radiation by NF filters along with interference light filters mounted at each photodetector allows suppression of the pumping radiation (355 and 532 nm) in the Raman scattering channels at a level of 10 -10 for 387 and 407 nm, 10 -6 for 607 nm, and 10 -7 for 1064 nm. Receiver: Cassegrain, diameter of 300 mm, focal length of 1500 mm, field of view of 1 mrad. DP1 is a dichroic plate, 98% reflection of 355, 387, and 407 nm radiation. NF1 is a filter cutting the 532 nm radiation (<0.01%). DP2 is a dichroic plate, 99% reflection of 355 nm radiation. NF2 is a filter cutting the 355 nm radiation (<0.02%). GP1 is a glass plate, division of 4% of 387 nm radiation. DP3 is a dichroic plate, 98% reflection of 532 and 607 nm radiation. GF1 is a ZhS11 glass filter for suppression of 355 nm radiation (<0.01%). DP4 is a dichroic plate, reflection of 532 nm radiation. GP2 is a glass plate, division of 4% of 532 nm radiation to the counting channel. GF2 is a KS15 glass filter for suppression of 355 and 532 nm. IF is a narrowband interference filter.
The RS signals at 355 and 532 nm are recorded in the current mode by PEM-84 photomultipliers with original (designed at IAO SB RAS) supply units, which allow elimination of the background solar illumination effect on the PEM sensitivity. In this circuit, constant illumination does not change interdynode voltages. A PEM is blocked by an electronic key, which is time synchronized with the ignition of a pumping lamp. This protects the PEM from excess anode current in spacing between lidar signals. The tests showed that the PEM amplification coefficient is constant before illumination which corresponds to the mean anode current equal to 10 mA. The analog signals at 355 and 532 nm are digitized in a 12-bit ADC (LA10-12USB-U, Rudnev-Shilyaev Co.) with a spatial resolution of 1.5 m. Signals at 1064 nm are recorded by a LFD-30956-TE photodetector made at the Institute of Physics, National Academy of Sciences of Belarus, which includes Perkin&Elmer С30956E avalanche photodiode, microrefrigerator, and 14-bit ADC. RS signals are recorded by H5783P (Hamamatsu) photodetectors with amplifiers designed at IAO SB RAS and PMS-400А photon counter (Becker & Hickl GmbH), which allows photon counting with a frequency of up to 800 MHz and a spatial resolution of 37.5 m. For the correct comparison between Raman and elastic scattering signals, a part (about 5%) of radiation at 355 and 532 nm is directed to the corresponding counting channels. Molecular nitrogen RS signals are usually reliably detected up to the tropopause in the absence of clouds, at a laser pulse The LOZA-S lidar was used for routing measurements of the vertical aerosol distribution in Tomsk. On the basis of these measurements, the altitude distribution of tropospheric aerosol layers was analyzed, including the boundary layer, which consists of internal mixing layer, mixing layer, and entrapment layer, and the middle tropospheric layer. Examples show that the altitude of the mixing layer (in contrast to the boundary layer) is more temporally and spatially stable, and seasonal variations correlate with the seasonal variations in the atmospheric optical depth. Altitude profiles of the extinction and backscattering coefficients and the lidar ratio were determined on the basis of nighttime measurements at 532/607 nm in the altitude range from 0.45 to 7 km. Their statistical analysis allowed us to consider the peculiarities of variations in the parameters in each above layer. It was shown that the mean lidar ratio is 52 sr in the boundary layer independently of the season, but the structure of the profile ) , 532 ( z S a is inhomogeneous. In the free troposphere, the aerosol coefficients ) , 532 ( z a β and ) , 532 ( z a σ are proportional to the molecular scattering coefficients, and the profile of the lidar ratio is homogeneous up to 7 km, while the mean values can differ by 10 sr in different seasons.
REMOTE MEASUREMENTS OF THE TEMPERATURE IN THE STRATOSPHERE AND MESOSPHERE
The temperature characterizes the ensemble average speed of chaotic heat motion of molecules. The temperature and the vertical profile of the atmospheric temperature are necessary input parameters in problems of forecasting the state of the atmosphere and trends in atmospheric processes. Such problems include the weather forecast, smog formation forecast, estimation of the intensity of atmospheric transport of anthropogenic admixtures, study of the evolution dynamics of atmospheric process, e.g., dynamics of cloud formation and of phase transitions. Related around-the-clock measurements of the air temperature are still carried out by contact methods, which do not provide for required time resolution and repetitiveness of the spatial referencing of the profiles of parameters measured. Lidar measuring techniques are alternative to the contact methods; they are free of the above disadvantages. The analysis of existing lidar techniques for temperature measurements allows us to distinguish the technique for air temperature measurements from rotational spectra of RS of light by atmospheric nitrogen and oxygen molecules as the most promising. Experiments carried out by different scientific teams showed the high efficiency of this technique when the measurements are free of the noise from the diffused background of the daytime sky (nighttime measurements) [5] [6] [7] [8] [9] . Figure 10 shows the optical schematic of the temperature channel of the complex SRS lidar of SLS. It was used for testing the technique for discrimination of the regions of pure rotational SR spectrum with the help of a double monochromator. To decrease the divergence of sounding beams, the radiation was collimated, which is explicitly shown in Fig. 10 . The main mirror of the telescope images a scattering volume immediately at the entrance side of the light guide S. The exit side of the light guide S is the input slit of a polychromator intended for the distinguishing of the temperature-sensitive regions of the rotational RS spectra of atmospheric nitrogen and oxygen. The absence of intermediate matching optical elements allows an enhancement of the resistance of the lidar optical circuit to mechanical detuning. Pure rotational SRS spectra by nitrogen and oxygen molecules are excited by the Nd:YAG second-harmonic radiation II 0 Nd:YAG 532.075 nm λ = λ = Table 3 represents the main parameters of the laser (Fig. 11) . The lidar operation was tested and the levels of suppression of the unbiased scattering line were estimated during air sounding in a vertical direction under the presence of ice crystal clouds along the sounding path. Figure 12 shows the lidar response of the pure rotational SRS spectrum in the presence of a deep ice crystal cloud. A high level of suppression of the unbiased scattering provides for a high quality of the Raman signal at the lower boundary and insider the cloud. 
LIDAR FOR OZONE SOUNDING IN THE UPPER TROPOSPHERE-LOWER STRATOSPHERE
Laser sounding of the vertical distribution of stratospheric ozone has been carried out at SLS since 1989 [14] . The long term of the lidar monitoring of the ozonosphere has shown that the lower stratosphere is the most interesting for the study of the ozonosphere, where ozone is affected by the dynamic factor. DAS lidar measurements of vertical ozone distribution (VOD) profiles in different altitude ranges in the atmosphere are performed at different wavelength combinations [10] [11] [12] [13] [14] . Figure 13 shows the block diagram of the lidar designed. The 4th harmonics (266 nm) of the fundamental radiation of the Nd:YAG laser (LS-2134UT, produced by LOTIS TII Company, Minsk) with its following SRS conversion into the first (299 nm) and second (341 nm) Stokes components in hydrogen is used as a laser radiation source. The VOD profiles were retrieved in the upper troposphere-lower stratosphere at sounding wavelengths of 299/341 nm. 
OPO LIDAR SYSTEM FOR REMOTE AND GAS ANALYSIS OF THE ATMOSPHERE
SLS includes a DIAL lidar for remote gas analysis of the atmosphere in the 3-4 µm spectral range. It is shown in Fig. 15 ; its layout is shown in Fig. 16 . Tables 4 and 5 present specifications of the pump laser and laser conversion device. Figure  17 shows the tuning curve for KTA-based OPO. It is seen that the KTA-based OPO has a quite high pulse energy at the system exit in the 3-4 µm wavelength range (it attains > 6 mJ at the tuning curve peak). (5); collecting lens (6); cutoff filter (7); bandpass filter (8); collecting lens (9); photodetector (10) Pulse energy at the tuning curve peak > 6 mJ Pulse frequency 10 Hz Radiation divergence </= 2 mrad Wavelength control by 3 step motors Proc. of SPIE Vol. 10035 1003559-14
The possibility of sounding of some atmospheric gases along surface paths in the spectral region under study was estimated on the basis of the laser specifications. The sounding was numerically simulated for altitudes up to 5 km and horizontal paths up to 10 km long with the use of the common midlatitude summer model [19] . The interfering absorption of all main atmospheric gases was considered. The input data for the numerical simulation are given in Table  6 . Figure 18 shows the spatially and spectrally resolved lidar signals for CH 4 (a), H 2 CO (b), HBr (c), and HCl (d) calculated for a vertical tropospheric path in the informative wavelength region for TAGs. 
